Abstract Neurons accumulating
["H]y-aminobutyric acid (GABA) were identified autoradiographically in frozen and plastic sections after injection of the material in the monkey somatic sensory (areas 3, 1, and 2), motor (area 4), and parietal (area 5) cortex following intravenous administration of a GABA transaminase inhibitor, amino-oxyacetic acid. Two general forms of labeled cells are recognized: those with large diameter (15 to 20+m) somata, probably corresponding to the basket cells of Golgi studies, and those with small diameter (6-to 12-pm) somata, probably corresponding to several other types. The sizes and laminar distributions of labeled cells in the cytoarchitectonic fields of the first somatic sensory area (SI) are similar. In these areas, the greatest concentrations of labeled cells are in layer II, in layer IV, and in the superficial stratum of layer VI. In area 5, there are many fewer labeled cells in layer IV. In area 4, the labeled cells are larger and distributed more homogeneously, though there are fewer in layer VI. The large labeled cell type is concentrated in layers III and V of all areas. The smaller labeled types are found in all other layers, including layer I. In layer IV, they form approximately 40% of the total small-celled neuronal population.
The accumulated evidence of more than a decade of neuropharmacological research has led to the realization that y-aminobutyric acid (GABA) is a major constituent of many parts of the central nervous system. And few would doubt that it functions as an inhibitory neurotransmitter agent (Krnjevic, 1974) . The mammalian neocortex is one of several regions in which the functional role of GABA has been studied intensively (Krnjevic and Phillis, 1963; Crawford and Curtis, 1964; Krnjevic and Schwartz, 1967; Dreifuss et al., 1969; Iversen et al., 1971; Emson and Lindvall, 1979; Dichter, 1980) . Potentially, at least, GABA may be one of the major inhibitory transmitters of the neocortex and already it has been suggested that it determines many of the receptive field properties of visual cortical neurons in normal animals (Sillito, 1975 (Sillito, , 1977a (Sillito, , b, 1979 Sillito and Versiani, 1977; Tsumoto et al., 1979) and in animals subjected to sensory deprivation (Duffy et al., 1976) . Though no comparable effects of GABA have been demonstrated in other cortical areas, postsynaptic inhibitory phenomena have been described frequently in certain of the sensory areas. In addition to playing a powerful role in the shaping of receptive field properties, intracortical inhibition has been regarded often as one of the prime agents in molding the columnar ' properties upon which the processing of sensory information in these areas of cortex depends (Mountcastle and Powell, 1959; Hubel and Wiesel, 1965; Jones, 1980) . Afferent fibers entering the sensory areas of the cortex from the appropriate thalamic nuclei appear to exert an excitatory effect upon the recipient neurons, but activation by thalamic fibers is followed often by disynaptic inhibitory effects (Toyama et al., 1974; Watanabe et al., 1966; Stefanis, 1969; Stone, 1973) . This usually has been attributed to local interneurons rather than to the collaterals of the efferent, pyramidal cell axons. Therefore, it may be expected that GABA-mediated and other forms of intracortical inhibition are functions of some of the large population of non-pyramidal neurons whose axons do not leave the cortex (hereafter called intrinsic neurons). In the somatic sensory and motor cortex of the monkey, it has been possible to identify with the Golgi technique (Jones, 1975) seven broad classes of intrinsic neuron, each with a stereotyped axonal ramification that is unique to that class (see also Feldman and Peters, 1978 , for a similar study on the rat). Certain of the cell classes also have characteristic somal diameters and laminar distributions.
Some of these classes of intrinsic neurons have been fitted into hypothetical circuit diagrams that could account for aspects of the electrophysiological phenomena demonstrable in the somatic sensory cortex (Jones, 1980) . The morphological features of the synapses made by what are probably the equivalents of some of these classes of intrinsic cell are becoming known in nonIversen, 1969) . Such cells thus concentrate radioactive primates (Peters and Feldman, 1976; Somogyi, 1977) . In GABA injected into the brain and may be localized the rat visual cortex (Ribak, 1978) , electron microscopic autoradiographically. We have chosen this method beprofiles typical of some have been found to contain the cause we felt it might give a rather higher yield of labeled GABA-synthesizing enzyme, glutamic acid decarboxylcells for quantitative analysis. The yield and intensity of ase, but still very little is known about the synaptic labeling have been enhanced further by the use of the characteristics of the intrinsic cells.
GABA transaminase inhibitor, amino-oxyacetic acid Two methods are currently available for attempting to (Wallach, 1961; Halasz et al., 1979) . define the classes of intrinsic cortical neurons that synOthers who have used the autoradiographic procedure thesize GABA. The first, which was used very success-in the rat have remarked upon the labeling of putatively fully by Ribak (1978) in the rat visual cortex, involves GABAergic cells in the cortex (Hokfelt and Ljungdahl, the immunocytochemical localization of glutamic acid 1972; Chronwall and Wolff, 1978,1980) , but little attempt decarboxylase. The other makes use of the high affinity has been made to correlate the labeled cells with moruptake system that neurons utilizing GABA as a transphological types of intrinsic neurons and no quantitative mitter are known to possess for that substance (Neal and studies of differences in laminar and cytoarchitectonic Figure 1 . Camera lucida drawings from the parts of areas 4, 3b, 1-2, and 5 indicated on the drawing of a sagittal section through the central sulcus showing the four arbitrary zones (I to IV) of labeling around an injection site and the laminar distribution of labeled neurons. Each drawing is to one side of the central core of the injection. Note concentrations of labeled neurons in layers II, ZZIB, IV, V, and VI. Photomicrograph from the fast somatic sensory area (SI) at the edge of a site of injection of r3H]GABA. Unlabeled but counterstained cells have been largely eliminated by underexposure of the photographic print. Note concentrations of large GABA-labeled cells in layers III and V, the clear spaces at the center of the injection site that indicate unlabeled neurons, and the scattered labeled cells in all layers beyond the injection site. Counts and measurements were made approximately in a zone corresponding to the middle of the photomicrograph and from a comparable region in semi-thin plastic sections. Bar represents 200 pm. 
Materials and Methods
Five cerebral hemispheres from three cynomolgus monkeys (Macaca fascicularis) were used in this study. Each animal was deeply anesthetized with Nembutal and, 30 min prior to opening the skull, was given an intravenous injection of the GABA transaminase inhibitor, amino-oxyacetic acid (40 mg/kg of body weight).
Thereafter, [3H]GABA (specific activity, 40.2 Ci/mmol) was injected through a lo-p1 Hamilton syringe at multiple sites in the pre-and postcentral gyri and superior parietal lobule. The [3H]GABA was evaporated and reconstituted in normal saline to give a final activity of 20 or 50 $I!i/ ~1 and between 0.5 and 1.0 ~1 were injected at three or more sites. Twenty minutes following the final injection and a maximum of 80 min after the first, blocks of cortex containing the injection sites were removed surgically, washed briefly in normal saline, and immersed in a cold solution of 3.5% glutaraldehyde and 1% paraformaldehyde in 0.1 M phosphate buffer, pH 7.2. As a control, 3 ~1 of a 50 &i/p1 solution of [3H]leucine (specific activity, 47 Ci/mmol) in normal saline was injected over the same time as the injections of [3H]GABA and the brain injected with this material was treated subsequently in the same way.
After 4 or 5 days in the fixative, the blocks were processed in one of two ways. Blocks from three hemispheres were immersed in 30% sucrose in phosphate buffer until they sank. They then were cut as 20+m-thick frozen sections and mounted on gelatinized slides. Blocks from two hemispheres were sectioned at 100 pm on a Vibratome and small pieces of the sections, at various proximities to the needle tracks, were cut out with a razor blade, postfixed in 2% osmium tetroxide, dehydrated in ethanol, and embedded in Spurr's resin.
Serial l-pm-thick sections were cut with glass knives and were mounted by heating onto slides. Both the frozen and the plastic sections were coated with Kodak NTB2 emulsion and exposed at 4°C for 2,4,8, or 12 weeks. The sections then were developed in Kodak D19, fixed, and stained through the emulsion either with thionin for the frozen sections or with methylene blue and azure II for the plastic sections.
When examining the 20-pm-thick sections, it was convenient to divide the sections into four zones in relation to an injection site (Fig. 1) . All injections used for analysis, at their center, extended from pia to white matter. The four zones are similar to those used by Chronwall and Wolff (1980) . Zone I includes any tissue destroyed by the needle track and the densest part of the injection site which is covered by a concentration of silver grains be discerned amid the neuropil labeling. Flanking zone II so heavy as to make resolution of individual cells ex-is the relatively narrow (200-to 3OOqm) zone III of tremely difficult. Zone II is made up of the immediately greatly diminished background labeling but populated by adjacent region, 200 to 500 pm in width, of still very many heavily labeled cells (Figs. 1 and 2). Outside this heavy labeling, in which many heavily labeled cells can zone, in zone IV, background labeling falls to a rather steady and comparatively low level. In zone IV, fewer labeled cells are found and, though the labeling of the somata far exceeds that of the neuropil and of the background, the density of grains overlying the somata is much less than that found in zones II and III. Background levels of labeling were assessed by examination of parts of the section containing parts of the cortex that are far removed from the injection site.
For the purposes of quantitative analysis, only cells located in zone III of cytoarchitectonic areas 3b, 1, 2, 4, and 5 were examined. No attempt was made to distinguish between areas 1 and 2 which are hereafter referred to as "areas l-2." To determine the laminar distribution of cells accumulating [3H]GABA, the outlines of labeled cell somata encountered on a vertical traverse 430 pm wide through the thickness of the cortex were drawn with a camera lucida from single l-pm-thick plastic and 20-pm-thick frozen sections representative of each of the areas except area 5. No plastic sections were available from area 5. Laminar borders were determined from the thionin counterstaining and were marked onto the drawing though this is less accurate in the semi-thin sections. The total depth of the traverse was then divided into sequential 60-pm steps. The number of labeled cells in each of the 430 X 60 pm rectangles of cortical tissue was then plotted onto a bar graph. The 20-pm-thick frozen sections were used because the desired degree of uniformity in the injection site and the four zones mentioned above were observable only in these thicker sections, and one could be more confident about borders of cortical laminae. However, the density of labeling of individual cells was high in the frozen section autoradiographs, often obscuring the underlying cell. Therefore, to distinguish neurons from glial cells and to ensure that fragments of cells were not being counted as whole cells, parallel counts were made from single l-pm-thick plastic section autoradiographs. The positions of the plastic sections relative to zone III were estimated from frozen section autoradiographs of the Vibratome slices from which their parent blocks were taken. In the semi-thin autoradiographs, only labeled neurons in which a distinct nucleolus could be observed (e.g., Fig. 7) were measured. The density of labeling of neurons (e.g., Fig. 8 ) was somewhat variable so that some degree of observer selection was involved, usually by excluding the more lightly labeled neurons.
For size analysis, the perimeters of labeled cells in zone III were drawn at a final magnification of x 500. All of the labeled cells in a thick or semi-thin section were drawn until at least 50 cells from each layer, except layer In zones II and III, two distinct categories of labeled somata are visible: large (approximately 15 to 25 pm in diameter) and small (approximately 6 to 12 pm in diameter) (Figs. 2 to 4) . The large labeled somata are oval or angular and do not differ greatly in size from the somata of the larger pyramidal cells (Fig. 7) . They are confined almost totally to layers IIIB and V. Commonly, thick dendrites emanating from these cells are labeled for up to 200 pm (Fig. 6 ) away from the parent somata. Where more than one dendrite can be traced, the large labeled cell can be identified, tentatively, as multipolar in form.
The smaller labeled somata in zones II and III are round or oval and are found in all layers, including a few in layer I (Figs. 2, 3 , and 8). Some variation in size is visible, but, apart from a relative paucity of numbers in layer VI, no laminar variations are distinguishable at the qualitative level. Small clusters of labeled somata are I of each cytoarchitectonic area, were obtained. Then, using a computer pantograph (Cowan and Wann, 1973) , the perimeters were measured and the measurements were converted into diameters for circular profiles having the same perimeters as the measured cells. These are strictly "equivalent diameters" but will be referred to simply as "diameters" in the remainder of the text (Figs.  9 to 16) .
To compare the sizes of labeled cells with those of all cells in an area, a part of each cytoarchitectonic field outside zone IV of the injection was chosen and all the stained neurons in each layer were drawn and measured in a 430~pm-wide traverse as for labeled cells. Analysis of the sizes of labeled and of all cells was done graphically for each field as a whole and independently for layer IV in each field. Cells were grouped according to their diameters into bins of 1.5 pm beginning with 6.0 pm. Labeled cells with diameters smaller than 6.0 pm in the plastic section autoradiographs were found to be almost exclusively glial cells. The percentage of the labeled or total population that each bin made up was computed, and the bin was plotted against that percentage (Figs. 11, 14, and 16) .
Results
Qualitative.
The four arbitrary zones in and around the injection site and from which one was chosen for quantitative analysis have been mentioned already. Certain general features, many of which are confirmed by the quantitative data, also warrant mention. At the central core of the injection (zone I), the tissue is uniformly blackened by overlying silver grains. There is little variation in grain density over cells and neuropil and all classes of neurons, including obvious pyramidal cells, as well as neuroglial cells, are heavily labeled. Entering the white matter beneath the injection core, a number of heavily labeled axons are visible. These cannot be traced for more than 2 to 3 mm at the short survival times used. The uniform labeling at the central core of the injection and the labeling of efferent axons does not differ significantly in the brain in which [3H]leucine was injected.
Around zone I, in zones II and III, heavy labeling of individual cells becomes obvious, especially in zone 111 in which there is a substantial reduction in neuropil labeling ( Figs. 1 and 2) . Scattered among the labeled cells in both zones are the overt somata of pyramidal cells which, though labeled heavier than background, are less densely labeled than the neuropil and far less densely labeled than those that we regard as having concentrated [3H]-GABA. The unlabeled somata, especially in zone II where the neuropil labeling is heaviest, form a series of unlabeled spaces giving an appearance resembling vacuolation of the tissue (Figs. 2 and 5 ). In the small-celled layer IV, there is also a substantial population of small round somata also labeled less densely than the neuropil and approximately equal in number to the labeled somata in this layer (Fig. 3) . Glial cell labeling is generally, though not universally, heavier than neuropil labeling in zone II and lighter than neuropil labeling in zone III. In zone III, as assessed from semi-thin sections (Fig. 8) , many astrocytes and oligodendrocytes are clearly unlabeled. No labeled axons enter the white matter from zones II to IV, found at times in layers I and III. In zone III, as assessed from the semi-thin section autoradiographs, the labeled small somata are generally larger than those of the unlabeled or very lightly labeled neuroglial cells (Fig. 8) .
A particularly clear-cut distinction can be made between labeled and unlabeled cell somata in zone IV even though the labeling of individual somata is lighter than in zones I to III. In zone IV, the two sizes of labeled somata are visible and labeled dendrites attached to the larger type often can be traced through a number of serial l-pm-thick sections (Fig. 7) . The extent of labeled somata beyond the injection site is frequently greatest in layers I and VI, though some labeling in layer I can be attributed to spread of the injected material across a sulcus, such as the central. The labeled cell somata in layer I are consistently larger than the adjacent unlabeled somata of glial cells. They are interpreted, therefore, as the somata of neurons though, sometimes, even in semithin sections, the labeling is sufficiently heavy to obscure the underlying morphology. They are found in both the superficial and deep parts of the layer. Layer I of zone IV is also characterized by the presence of labeling that is not restricted to somata but which cannot be localized confidently to axons or other processes. It takes the form of a band spreading out from the injection site for several millimeters in the superficial one-third of layer I (Fig. 8) .
The border between this labeled zone and the rest of layer I is quite sharp and frequently is associated with a row of labeled neuronal somata.
A similar greater lateral extent of neuronal somal labeling was, at times, observed in layer VI, particularly in the postcentral gyrus. When present, it was associated with a zone of non-somal labeling in the superficial half of the layer. However, neither was a consistent finding, and we are uncertain whether it simply indicated preferential diffusion of the isotope.
Quantitative Vol. 1, No. 4, Apr. 1981 from counts and measurements on both semi-thin and deep part of layer VI. The similarity in the distribution thick section autoradiographs. From these data, certain of labeled somata in the different fields of SI also extends other conclusions regarding differences in distribution of to their sizes. Not only do the cells in area 3b and areas labeled somata among the several cytoarchitectonic l-2 have similar mean, maximum, and minimum diamefields can be drawn.
ters (Table I) in layer V are in the larger diameter population. In the deeper part of layer III, and in layers IV and VI, labeled layer VI (Fig. 13) . However, the third peak, in layer IV, cells are rather evenly divided between the smaller and is not so obvious in area 5 (Fig. 13) . This finding is a larger diameter populations (Table I) . consistent one, both close to (zones II and III) and at a For layer IV, comparisons of sizes and numbers of distance from (zone IV) the injection site.
labeled cells with those of all cells in the layer reveal that
In area 5, the concentration of labeled cells in layer VI the labeled and total groups are not identical (Fig. 12) .
extends throughout the superficial half of the layer (Fig. For all cells, the proportion in the smaller diameter range 13) instead of being most marked at the layer V and VI is much greater than that in the larger diameter range border, as in SI (Figs. 9 and 10 ).
(90 to 92% versus 3 to 5%). However, for labeled cells, the The sizes and distributions of labeled cells in area 5
proportions in the two ranges are virtually identical; are similar to those in SI (Table I; cf., Figs. 11 and 14) in there are 41 to 46% in both the larger and smaller size all layers except layer IV (Fig. 14) . In this layer, in area 5, the proportion of smaller diameter labeled cells relative ranges.
Area 5. The laminar distribution of labeled cells in to the total population of cells in the layer is much area 5 differs from that in SI. In area 5, as in SI, a large smaller than in layer IV of areas 3b or l-2 (Fig. 11) .
number of labeled cells are present in layer II and in SI. In area 4, cell somata accumulating [3H]GABA are distributed much more homogeneously (Fig. 15) , with only relatively small and narrow peaks present in layer II, in the deeper part of layer III, and in layer V (Fig. 15) . Moreover, the number of labeled cells in layer VI is rather smaller than in the other fields.
The diameters of labeled cells in area 4 are larger than those of cells in the other areas (Table I ), but two ranges still are present (Fig. 16) . The mean diameter of labeled cells in area 4 is more than 5 pm greater than that found in the other areas, and the two peaks are at 9.0 to 13.5 pm and 21.0 to 27.0 pm. For comparison with the large labeled somata, the diameters of giant pyramidal cells in the arm representation of area 4 range from 25 to 50 pm. The overall increase in size of the labeled somata is presumably a reflection of the generally larger size of all neurons in area 4 in comparison with areas 3b, l-2, and 5. This same general increase in the diameter of labeled cells is also apparent when the layers of area 4 are examined individually (Table I) .
Discussion
Though the accumulation of ["HIGABA offers only an indirect guide to the identification of GABAergic neurons, we believe that our results probably give a reliable indication of the sizes and distribution of such cells in the fields that we have examined. In other sites, the method has been shown to label selectively neurons that are known to synthesize GABA and to utilize it as an inhibitory transmitter but not to label those that are known to use other transmitters (Iversen and Kelly, 1975; Brandon et al., 1979; Halasz et al., 1979) . The injection of r3H]leucine led to a much more homogeneous pattern of labeling in the monkey cortex than that seen after ["HIGABA injection, suggesting specificity in the labeling by the latter. In support of our belief that [3H]GABA accumulates in GABAergic neurons in the monkey cortex are our findings made in collaboration with Drs. C. Houser and J. E. Vaughn. These show that the sizes and laminar distributions of neurons in areas 3b, l-2, 4, and MeaIl Minimum MaxilTl"YIl % 6-12 pm % >15 pm 5 labeled immunocytochemically for glutamic acid decarboxylase (GAD) are identical to those labeled by r3H]-GABA uptake (Houser et al., 1980) . Moreover, the proportions of GAD-positive somata are roughly comparable to those labeled in zone III by [3H]GABA uptake. Nevertheless, some degree of caution still must be expressed first, because GABA-mediated inhibition in the cortex has not been correlated yet with particular cell classes and, second, because we do not know whether some class of GABAergic cortical cell may be refractory to labeling with ["HIGABA, as is the Purkinje cell of the cerebellum (Hokfelt and Ljungdahl, 1972; Schon and Iversen, 1972; Iversen and Kelly, 1975; Kelly and Dick, 1976) .
Our results are probably best interpreted as indicating that all neurons accumulating [3H]GABA have axons that remain intrinsic to the cortex. No obvious pyramidal cells could be labeled except at the very center of the injection site where all cells were labeled. The pyramidal cells form the only efferent cells of the monkey sensorymotor cortex (Jones and Wise, 1977) . Their terminals, where demonstrated electron microscopically, have not been shown to have the morphological features, such as flattened vesicles and symmetric membrane complexes, associated with GABAergic transmission elsewhere (e.g., Hollander et al., 1969; Jones and Powell, 1969b; Kemp and Powell, 1971; Lund, 1972; Brown, 1974; Rustioni and Sotelo, 1974) . And, there are no indications of GABA as a transmitter in any corticofugal system. We think that the small amount of axonal labeling seen entering the white matter beneath the center of the injection site is probably anterograde in character and that it probably represents transport of [3H] GABA that has been accumulated nonspecifically by pyramidal cells at the heart of the injection site or of labeled residues of GABA metabolism that have been incorporated into axoplasmically transported macromolecules.
Though we feel that the evidence is good that only intrinsic cortical neurons specifically accumulate E3H]-GABA, it seems clear that not all intrinsic neurons do so. This is particularly obvious in layer IV of areas 3b, 1-2, and 5 which contains no efferent cell somata (Jones and Wise, 1977) and in which only about 40% of the somata present are labeled. This would correlate with the view that the small spiny neuron of this layer, which is a major recipient of thalamic axon terminals, is excitatory in character (Jones, 1980) and, therefore, is unlabeled.
Two classes of intrinsic neuron that accumulate [3H]-GABA can be recognized on the basis of somal size. We consider that the measurements made on semi-thin autoradiographs, in which we usually could identify positively neurons from glial cells and see the nucleolus in the neurons measured, compensate for problems arising from difficulty of identification or from measuring profiles of large neuronal somata sectioned near their edges. In the data from the semi-thin sections, the movement of the small-celled peak to the right suggests some inclusion of glial cells and the deepening of the trough between the two peaks suggests some inclusion of partial profiles in the data from the frozen sections. However, the differences are not marked.
Rather disappointingly, labeled processes could be distinguished only on the larger form of labeled neuron. It is difficult to avoid the conclusion that the largest of the large labeled form, approaching in size that of the largest pyramidal cell, is the large, multipolar, basket cell of the neocortex (Marin-Padiha, 1971; Jones, 1975; Fig. 17) . In the monkey sensory-motor cortex and in the human motor cortex, these are the only intrinsic neurons with large somata and the somata are concentrated in layers III and V though they have dendrites extending through most other layers. The branches of the axons, which may be myelinated (Jones, 1975) ) are oriented anteroposteriorly across the pre-and postcentral gyri and terminate in basket-like formations embracing the somata of pyramidal cells. Synaptic terminals in this position contain flattened vesicles and make symmetric synapses (Colonnier, 1968; Jones and Powell, 1970a; Peters and Kaiserman-Abramof, 1970; Gatter et al., 1978 
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Area 5 600 900 1200 1500 depth (P) Figure 13 . Distribution of labeled neuronal somata in a 430~w-wide traverse across the cortex of area 5. Laminar concentrations similar to those in areas 3b and l-2 are observed though the peak in layer IV is not so obvious. The data are from frozen section autoradiographs only.
rat visual cortex by Ribak (1978) . Unfortunately, we could not detect the terminals to be labeled by [3H]-GABA uptake. The stereotyped orientation and distribution of the axon of the basket cell, coupled with the evidence for its use of GABA as a transmitter, makes it a suitable candidate for mediating the effect originally described in the sensory cortex by Mountcastle and Powell (1959) , in which activation of one place-and modalityspecific column of cells is accompanied by inhibition of adjacent columns (Jones, 1980) .
The smaller size range of [3H]GABA-accumulating cells may well contain several of the classes of intrinsic neuron recognized in Golgi preparations. It is impossible to predict which classes may be involved at this stage but certain of them would seem appropriate (Fig. 17) . In layer IV, the "spider web cell" of Cajal (Ramon y Cajal, 1911) or type 5 cell of Jones (1975) , with its intensely intertwined unmyelinated axon, embracing the somata of several hundred small spiny neurons (Valverde, 1971) , has strong resemblances to the Golgi cell of the cerebellar cortex which is known to synthesize GABA. The spider web cell has been predicted to be favorably placed to mediate an inhibitory "focusing" effect upon focal thalamic input zones in the somatic sensory cortex (Jones, 1980) . In layer III, the "chandelier cell" of Szentagothai (1973) or type 4 cell of Jones (1975) has been shown in the cat and rat visual cortex to possess terminals that contain flattened vesicles and end in symmetric contacts on the initial axon segments of pyramidal cells (Somogyi, 1977) . In this position, in the rat, similar synapses are GAD positive (Ribak, 1978) . The type 4 cell, therefore, would also be a suitable candidate for a GABAergic cell. Whether it, the spider web cell, or the basket cell receive monosynaptic thalamocortical inputs is not established yet, but monosynaptic inputs have been described to cortical inhibitory neurons (Stefanis, 1969; Stone, 1973; Toyama et al., 1974) , and degenerating thalamocortical terminals have been observed on non-spiny dendrites of the type possessed by each cell (Jones and Powell, 1970b; Strick and Sterling, 1974; Peters and Feldman, 1976; Sloper and Powell, 197913) .
In layers I and II, the smaIl basket cell of Szentigothai (1973) retrograde transport of [3H]GABA in their axons. However, it is difficult to rule out that this superficial labeling merely results from diffusion of the injected material through the subarachnoid space. We think it unlikely, however, that the more deeply situated labeled cells of layer I accumulate ["HIGABA by this route.
It is difficult to correlate any of the other intrinsic cortical neurons with the present results, principally because of lack of information about their synaptic organization. It seems unlikely that those with vertical axons (Fig. 17) that terminate on dendritic spines of pyramidal cells would be GABAergic since most terminations on spines have the characteristics usually associated with excitatory synapses (Jones and Powell, 1969b; Peters and Kaiserman-Abramof, 1970; LeVay, 1973; Sloper and Powell, 1979a) . Similarly, the large multipolar, peptidergic cell (Emson and Hunt, 1980) also may not be a suitable candidate for a GABAergic neuron. However, certain other types remain and there is very little information about intrinsic neurons in layer VI, the superficial part of which contains one of the main concentrations of ["HIGABA-accumulating neurons.
Little significance can be attached at present to the differences in the laminar distribution of r3H]GABAaccumulating neurons in areas 3b, l-2, 4, and 5. The principal differences in area 4 probably result mainly from the greater cell size, greatly increased thickness of the cortex and absence of a layer IV. The reduction of small [3H]GABA-accumulating neurons in layer IV of area 5 in comparison with the other areas is difficult to interpret, but it is interesting to note that, in this area, thalamic afferent fibers terminate not in layer IV but in the overlying layer III (Jones and Burton, 1976) . Conceivably, one class of GABAergic neuron follows closely the distribution of the thalamic afferents, though this explanation cannot hold in areas 1 and 2 in which the thalamic terminations also are distributed only to layer III. Perhaps the zone of GABAergic somata in the superficial part of layer VI also may correlate in some as yet undefined way with the presence there of a subsidiary zone of thalamic terminations (Jones and Burton, 1976; Sloper and Powell, 1979b) .
Labeling of neuroglial cells by uptake of.
["HIGABA has not constituted a major source of misinterpretation 
